Abstract-Our proposed hyper kurtosis based histogram equalized DIC images enhances the contrast by preserving the brightness. The evolution and development of precancerous activity among tissues are studied through S-transform (ST). The significant variations of amplitude spectra can be observed due to increased medium roughness from normal tissue were observed in time-frequency domain. The randomness and inhomogeneity of the tissue structures among human normal and different grades of DIC tissues is recognized by ST based timefrequency analysis. This study offers a simpler and better way to recognize the substantial changes among different stages of DIC tissues, which are reflected by spatial information containing within the inhomogeneity structures of different types of tissue.
I. INTRODUCTION
We know that the spatial fluctuation of refractive index in biological tissues exhibits self-similar behavior containing morphological information which can be exploited for disease detection purpose. In our previous work, we used multifractal detrended fluctuation analysis (MFDFA), wavelet based approach and wavelet based MFDFA approach for pre-cancer detection purpose [1] [2] [3] . Time-frequency distribution (TFD) provides much useful information in the analysis of the non-stationary signals. The basic idea of this time-frequency representation is to quantify the changes in the frequency content of signals with time. In analyzing biological signals, time-frequency has been found to be a powerful tool [4] . Most of the TFD techniques are based on Wigner-Ville distribution (WVD). The 2-D smoothed versions of the WVD are referred as Quadratic TFDs (QTFD). As an example of QTFD, STFT (Short Time Fourier Transform), WT (Wavelet Transform) can be mentioned. A recently developed tool in the QTFD family is S-transform (ST) which is a hybrid of the CWT (Continuous Wavelet Transform) and STFT. ST uses a Gaussian window with a variable analyzing length. It preserves the phase information by using a Fourier kernel in the signal decomposition [5] . The low resolution of the STFT and the absence of phase information in the CWT are overcome by ST. ST, not only preserve the phase information, but also provides a better time-frequency resolution. Hence S-transform based approach is well-suited for phase synchrony analysis of a wide class of signals [10] . In this paper, S-transform has been applied on hyper kurtosis based duo histogram equalized DIC images. Amplitude spectra of S-transform clearly points out the differences of healthy and precancerous tissues in time frequency domain.
II. THEORETICAL BACKGROUND

A. Hyper Kurtosis based Modified Duo Histogram
Equalization (HKMDHE) There are several histogram equalization methods like CLAHE [12] , Bi histogram equalization [7] . Our proposed hyper kurtosis based modified duo histogram equalization (HKMDHE) method has been explained below. The modified mean can be obtained as: Here 'mean' is the average pixel value of an image. The Positive sign is given when kurtosis is negative otherwise it is negative. s is the standard deviation of the distribution of X which denotes the intensity.
B. Peak Signal to Noise Ratio (PSNR)
For an input image
, Y i j of same size will produce PSNR value as:
The RMSE (Root Mean Square Error) can be calculated as:
D. S-Transform
In ST, a given time series ( ) x t is multiplied with a Gaussian window located at t t = followed by taking a fourier transform of their product. So, the definition as follows [5] : ( localizes the frequency referred as frequency modulated component which is a stationary part. It also localizes the real and imaginary parts of the phase spectrum. The slowly varying Gaussian envelope localizes the amplitude modulation which is a translated part. This is another advantage of ST over CWT. Amplitude of the CWT is large for lower frequencies, while at higher frequencies amplitude diminishes.
III. METHODOLOGY
DIC images are at first processed through HKMDHE method in order to get optimum contrast followed by unfolding of data. This unfolded data are processed with S-transform. This histogram equalized processed has been performed such that signal processing tools like S-transform can more prominently classify the normal and disease tissues. Before that we need to make the contrast enhancement by preserving the brightness as biomedical images are of low contrast images [11] . Contrast enhancement will help us to extract more prominent features in DIC images. Here, it is clearly visible that the peak of ST amplitude spectra has been decreased dramatically from normal to grade-I due to medium inhomogeneity. Thereafter we can observe the increasing trend of amplitude spectra with the progress of cancer among different grades.
V. CONCLUSION
In conclusion, this investigation on sets of human normal, grade-I, grade-II and grade-III tissues sections using Stransform (ST) analysis of their DIC images shows potential to obtain diagnostic information from the spatial frequency distributions of these samples. With the evolution among disease tissues and the development from low grade to high grade disease tissues, the substantial changes with respect to normal tissue were observed in time-frequency domain. The variations occurred due to increment roughness of the medium among different grades of DIC tissues with normal DIC tissue. The HKMDHE based procedure has been performed on DIC images such that signal processing tools like S-transform can more prominently classify the normal and disease tissues. In a nutshell, this study clearly shows that it is possible to discriminate among the normal and different grades of disease tissues. These observations on ST of tissue refractive index variations may prove to be valuable for developing light scattering approaches for non-invasive diagnosis of pre-and early-stage cancer. Authors hope that this work will expand the use of ST based analysis into the field of biomedical optics for cancer research.
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